Objective: The objective of this study is to evaluate the efficacy of indoor footwear with a 13 textured surface to improve control of balance and reduce excessive plantar pressure in older women.
Introduction
phase, which is also known as a process for balance control by measuring the tilting movements of the 122 foot (Hoogvliet, vanDuyl, de Bakker, Mulder, & Stam, 1997) . Walking in spike insoles/sandals for 5 123 mins influences the plantar cutaneous information from the sole of the feet, which lead to 124 improvements in the AP and ML planes for balance in the elderly and indicate a shift in the COP 125 (Palluel, Nougier, & Olivier, 2008) . The extra inversion or eversion movements of the foot at different 126 activity levels can lead to deviations in the COP (Gefen, Megido-Ravid, Itzchak, & Arcan, 2002) . Thus,
127
COP measurements as well as the COP trajectory are particularly relevant for the biomechanical study 128 of balance and postural control (Winter, Prince, Frank, Powell, & Zabjek, 1996) . However, the effects 129 of textured insoles on balance performance during dynamic activities based on COP parameters have 130 not been fully reported in the field.
132
Therefore, the aim of this study is to examine the effects of specific site stimulation by using textured 133 insoles with specific types of protrusions at the boundaries of the metatarsal heads and lateral heel 134 areas as well as arch support on the COP trajectory and plantar pressure distribution in older women. It 135 is hypothesized that indoor footwear with insoles that have a unique textured surface can help to 136 improve their balance control and optimize the overall control of plantar pressure during walking. The 
Participants 142
Twenty-four older women between the ages of 60-73 years old (M: 65; SD: 3.6) have been recruited 143 for this study. The inclusion criteria are women who are 60 or older, able to walk independently across 144 a distance of at least 6 m without a walking aid, have hallux valgus with an angle that is less than 30 145 degrees, free of neurological conditions and musculoskeletal problems that might affect balance, and 146 no history of foot injuries during the past two years. The body mass index of these women ranges from 147 15.2 to 32.2 kg/m 2 (M: 22 ; SD: 3.2). Their foot size is 35 to 40 (European). Written informed consent 148 is provided to all the participants before participating in the study. The experiment is approved by the 149 Human Subjects Ethics Sub-Committee at The Hong Kong Polytechnic University prior to beginning 150 the study.
152

Indoor Footwear Conditions 153
All of the participants are examined under three experimental foot conditions in this study, which are 154 barefoot (Condition A), wearing the control (Footwear Condition B without socks), and wearing the 155 designed textured insole with an arch support (Footwear Condition C without socks) (see Figure 1 ).
156
The raised nodules and arch support in the texture insoles were made of silicone (KE-1300T, Table 1 . Eight protrusions of the same size were placed around the boundaries of the metatarsal heads 159 and on the toe crest (five protrusions) as well as the boundaries of the lateral side of the heel of each 160 foot (three protrusions). This design is based on the work in Maki, Perry, Norrie and McLlroy (1999) 161 in which a continuously raised ridge was formed and extended around the perimeter of the plantar 162 surface of the foot (from the metatarsal heads to the heel) to improve sensation and enhance particular degrees for 30 seconds (McIlroy & Maki, 1997) , while looking at a red sticker dot that was placed 2 m 191 away from where they were standing at eye level. Only the timeframe between 5 and 25 seconds is 192 analyzed in this study. Each condition was recorded three times. Before the recording started, the 193 subjects were given 30 seconds to adjust to the fit of the footwear after changing to a new condition in 194 a standing position. They were allowed to rest for 1 min after every 3 recordings. For the dynamic 195 walking test (3 foot/footwear conditions X 3 recordings), the participants were required to walk along 196 a 7-meter concrete walkway at a self selected speed for all of the walking trials. An automatic timing 197 gate (Brower Timing Systems, Utah, USA) that uses infrared and has 0.01 s precision was used to 198 measure the speed of walking so as to ensure the walking speed of each subject was consistent across 199 different footwear conditions. To establish the self selected speed, they were asked to walk in barefoot 200 over a distance of 11 m at their natural pace. Two timing gates were placed at the 2 m and 9 m to 201 determine the duration for each trial. A total of 10 trials were carried out to obtain the speed of by the time needed to cover this distance (s). To minimize the effect on the plantar pressure due to the 204 different walking speeds, the walking trials were rejected if it exceeded 5% of the predetermined 205 self-selected speed (Burnfield, Few, Mohamed, & Perry, 2004) . For each test condition, 206 acclimatization (2 walking trials) was first given to the participants to walk along the pathway so as to 207 adapt to the footwear conditions and the environment as well as to adjust the strap of the footwear, and 208 then complete 3 valid walking trials under instruction. The participants were given 3 minutes for a 209 short rest after completing each condition. In barefoot condition, the pressure-sensing insoles is 210 secured onto the plantar of the feet of the subjects by using standard cotton socks (1.4-mm in thickness) 211 (Bacarin, Sacco, & Hennig, 2009; Burnfield et al., 2004) . The overall rated subjective comfort for
212
Footwear Condition C in comparison to their own indoor shoes was provided by the participants after 213 they finished the walking test (see Figure 3 ).The data for each participant were collected within two 
Equipment 229
The COP and the plantar pressure distribution were recorded with the in-shoe Pedar® system (Novel
230
GmbH, Munich, Germany) and the sampling rate is set at 50 Hz. This system consists of a pair of 231 flexible pressure-sensing insoles, which have 99 capacitance-based sensors that are 1.9-mm in 232 thickness. Pressure-sensing insoles in different sizes were available to accommodate the participants 233 with different foot sizes. The location of the in-shoe COP is recorded by the software as X-Y 234 coordinates, which relatives to the origin and is lied at the most medial and posterior points of the 
Data analysis 238
The COP measures are: range of COPx (ML direction) and COPy (AP direction), mean COPx and 239 COPy, mean SD of COPx and COPy, and mean velocity of COPx and COPy, except for the 95% 240 confidence ellipse area, which was only assessed for the static standing test. To assess the changes in 241 the ML direction during dynamic walking, the RMS of the residual of each COPx to its mean curve 242 was calculated with Matlab R2008a. First, all of the steps were normalized from 0 to 100% in the 243 stance phase. A mean curve was then fitted to the COPx of all selected steps in each condition for each 244 subject, where the residual of each data point is the distance between the data point to the fitted curve.
245
All of the COP measurements were calculated by using equations from previous studies (Jiang, Yang,
246
Shieh, Fan, & Peng, 2013; Raymakers, Samson, & Verhaar, 2005; Rugelj, Gomiscek, & Sevsek, 2014) .
247
In order to analyze the pressure distribution, the plantar foot was divided into 4 anatomical regions:
248 the toes, forefoot, midfoot and rearfoot (Luximon, Cong, Luximon, & Zhang, 2015) . For each region, 249 three variables of plantar pressure were measured: the mean of the peak pressure (MPP), contact area 
Results
264
Static standing test 265
The results of the COP parameters collected during both static standing and dynamic walking are 266 presented in Table 2 . A reliability test was carried out and acceptable values (over 0.7) were found for 267 all of the COP parameters as well as plantar pressure variables (Qiu & Xiong, 2015) . Table 2 shows 268 that there are no significant differences across all of the COP parameters among the three conditions 269 for static standing. In comparison to Condition A and Footwear Condition B, the subjects showed 270 better stability in the ML direction with Footwear Condition C. However, the mean of the COPy 271 between Condition A and Footwear Condition C was found to be close to significance, which might 272 indicate that the subjects have less stability in the AP direction with Footwear Condition C in 273 comparison to Condition A, which is the barefoot condition. The mean walking speed during dynamic walking was 3.19 km/h (SD: 0.49), which ranged from 2.37 280 to 4.54 km/h. Footwear Conditions B and C provide a significant reduction in the range and mean of 281 COPx and a significant increase in the mean of COPy when compared to Condition A, see Table 2. 282 Footwear Condition C, in particular, also resulted in a significant reduction in the mean SD, the mean 
275
Plantar Pressure Distribution 306
As shown in Figure 6 , the subjects show a significant increase in the MPP in the toe region when 307 wearing shoes, while a significant reduction is found in the forefoot and rearfoot regions, especially 308 for Footwear Condition C. A significant increase is also found for PTI in Footwear Conditions B and C 309 in the toe and midfoot regions, while a significant reduction is found in the forefoot and rearfoot 
Discussion
324
The purpose of this study is to investigate the effects of a designed textured insole which is placed in 325 indoor footwear on standing and walking stability as well as plantar pressure distribution. In 326 comparison to Condition A, the subjects showed improved postural stability when wearing the 327 footwear with the textured insole (Footwear Condition C) in the ML direction for both the static 328 standing and dynamic walking tests. These results are consistent with those of previous studies 329 (Corbin et al., 2007; Qiu et al., 2012) . According to Palluel et al. (2008) , elderly people who wear 330 textured insoles that are covered entirely with spike protrusions show greater improvement in stability 331 during standing as opposed to walking. However, after wearing the textured insoles (Footwear
332
Condition C) in this study, the subjects are able to show a more pronounced improvement in stability 333 during walking as opposed to only standing. This might be because the textured insoles evenly 334 stimulate the entire sole of the foot which results in better balance control during static standing.
335
However, the areas of the loss of sensitivity of the plantar of the foot are not the same, as the elderly 336 are found to have less sensitivity in the forefoot and rearfoot regions as opposed to the midfoot regions 337 (Machado et al., 2016) . Therefore, more stimulation might be required for specific foot sites for better 338 stability during dynamic movement or walking. The eight protrusions on the surface of the textured 339 insole in this study could induce more plantar pressure onto specific sites of the sole of the feet and 340 provide greater sensory stimulation to the mechanoreceptors of these sites. The response of the 341 mechanoreceptors to mechanical stimuli (such as indentation and stretching of the skin) can provide 342 information on the texture and allow detection of the roughness and textured patterns for spacing and 343 orientation (Gardner, Martin, & Jessell, 1991) . Additionally, pressure gradients induced by the 344 specified textured sole pattern might increase and also stimulate the mechanoreceptors. The 345 stimulation induced by the protrusions on the lateral side of the plantar foot increased the load 346 medially on the sole of the foot. The result is a shift in weight to ensure an even load on the foot in 347 response to the uneven surface and for better balance (Zehr et al., 2014) . As a result, the overall neural increase and possibly lead to more improvement of postural control, especially in dynamic walking 350 (Hidaka, Nozaki, & Yamamoto, 2000; Manjarrez, Rojas-Piloni, Mendez, & Flores, 2003) .
352
The roles of the feet include the support of the body, distribution of plantar pressure, absorption of 
370
The elderly usually suffer from age-associated impairment in terms of lateral stability and loss of 371 control in lateral balance. The aging effects on balance might be accentuated in the ML direction.
372
Previous falls and the future risk of falls of the elderly are usually associated and predicted with 373 measures of ML sway/amplitude (Machado et al. 2016; Rogers & Mille, 2003) . Therefore, the COPx 
389
The pressure under the areas of heel and midfoot is mainly influenced by weight bearing at heel strike 390 and midstance, whereas pressure in the toes and forefoot is largely affected by flexibility, and 391 strength and recruitment of muscle (Kimmeskamp & Hennig, 2001) . It was observed in Condition A 392 that less force and pressure were exerted by the elderly onto the medial side of the foot, such as the 393 medial arch and medial calcaneus. This indicates that the bearing weight of older people during 394 normal walking appeared on the lateral side of the foot which results in less propulsion in the 395 heel-touch to the toe-off phases. As refer to the clinical field, the lateralization of pressure under the 396 foot and reduction in propulsion found in older people may affect the their walking ability, thus 397 causing difficulties in balance control, forward thrusting, and terrain adapting. Better redistribution in 398 weight bearing and significant reduction in foot peak pressure were found in Footwear Condition C.
399
The use of designed texture insoles does not lead to excessive plantar pressure on the foot during 400 normal walking, which may help to relieve the heavy loads and pressure imposed onto the foot and 401 prevent pressure ulcers (Hessert et al., 2005) . A previous study by Kato, Takada, Kawamura, Hotta 402 and Torii (1996) showed that the peak pressure of the entire foot could reduce by 56.3 percent and 403 the contact area could increase by 62.7 percent when using a customized molded polyurethane insole in a textured insole would also lead to a reduction in the peak pressure of the forefoot by 17.2% and 406 the heel by 22.1%, which redistribute the pressure to the midfoot area (Chen, Ju, & Tang, 2003) .
407
Moreover, a larger CA over the entire foot of 26.0% in this study, especially in the midfoot which 408 increased by 95.0%, also helps to provide more foot support, thus enabling walking stability (Luximon,
409
Cong, Luximon, & Zhang, 2015) .
411
Nevertheless, this is a preliminary study with some limitations. First, the relatively small sample size 412 may limit the generalizability of the results. A multivariate analysis of variance could be a more 413 stringent statistical test for a study with a small sample size. A self selected speed for walking is 414 chosen in this study, which may introduce variability to the data and may even affect the results to a 415 certain extent. For example, increasing the speed of walking could lead to higher pressure and the 416 COP may shift medially. Structural characteristics of the foot, such as the arch type, may also affect 417 plantar pressure distribution. Pressure tends to concentrate beneath the forefoot and the heel of a more 418 rigid high-arched foot, with little pressure found beneath the midfoot. However, the effects of and 419 relationship between arch type and plantar pressure have not been analyzed in this study. Future 
